Thin stellar streams, formed from the tidal disruption of globular clusters, are important gravitational tools, sensitive to both global and small-scale properties of dark matter. The Palomar 5 stellar stream (Pal 5) is an exemplar stream within the Milky Way: Its ∼ 20 • tidal tails connect back to the progenitor cluster, and the stream has been used to study the shape, total mass, and substructure fraction of the dark matter distribution of the Galaxy. However, most details of the phase-space distribution of the stream are not fully explained, and dynamical models that use the stream for other inferences are therefore incomplete. Here we aim to measure distance and kinematic properties along the Pal 5 stream in order to motivate improved models of the system. We use a large catalog of RR Lyrae-type stars (RRLs) with astrometric data from the Gaia mission to probabilistically identify RRLs in the Pal 5 stream. RRLs are useful because they are intrinsically-luminous standard candles and their distances can be inferred with small relative precision (∼ 3%). By building a probabilistic model of the Pal 5 cluster and stream in proper motion and distance, we find 27 RRLs consistent with being members of the cluster (10) and stream (17). Using these RRLs, we detect gradients in distance and proper motion along the stream, and provide an updated measurement of the distance to the Pal 5 cluster using the RRLs, d = 20.6 ± 0.2 kpc. We provide a catalog of Pal 5 RRLs with inferred membership probabilities for future modeling work.
INTRODUCTION
Globular clusters are destroyed as they orbit within the Milky Way. The ∼150 bound globular clusters we presently see throughout the Galaxy (Harris 2010) are therefore thought to be surviving relics of a much larger initial population, most of which were destroyed (primarily) through a combination of relaxation / evaporation and gravitational shocking from the disk and bulge (e.g., Gnedin & Ostriker 1997; Gnedin et al. 2014) . As stellar systems are destroyed-i.e., as stars are tidally stripped from their progenitor-the tidal debris forms tails of matter that both lead and trail the remnant cluster, proaprice-whelan@flatironinstitute.org Corresponding author: Adrian M. Price-Whelan ducing a stellar stream that may persist even after the progenitor is fully destroyed (e.g., Johnston et al. 1996) .
Stellar streams are useful objects because they almost (see Sanders & Binney 2013) delineate the past and future trajectory of their progenitor system, offering information about orbits that can be used to infer the mass distribution from the single kinematic snapshot of the Galaxy that we are afforded (e.g., Johnston et al. 1999; Sanders & Binney 2013; Price-Whelan et al. 2014; Bonaca & Hogg 2018; Malhan & Ibata 2019; Erkal et al. 2019) . Many globular cluster stellar streams have been discovered over the last few decades (see, e.g., Grillmair & Carlin 2016; Shipp et al. 2018) , in large part because of large-area, deep, multi-band imaging surveys such as the Sloan Digital Sky Survey (SDSS; York et al. 2000) , Pan-STARRS PS1 survey (Chambers et al. 2016) , and Dark Energy Survey (Dark Energy Survey Collaboration et al. 2016) . A subset of the known streams have been precisely characterized and further studied (e.g., Price-Whelan & Bonaca 2018; Malhan et al. 2018; Shipp et al. 2019) using kinematic data from the recent data release 2 (DR2) of the Gaia mission (Gaia Collaboration et al. 2016 , 2018 . Of the currently known ∼60 candidate stellar streams found throughout the Milky Way, few have known progenitor systems. Conversely, of the ∼150 known globular clusters, only 20% have purported tidal tails (e.g., Leon et al. 2000; Kundu et al. 2019) , but even these are mostly low density and tenuous (as might be expected, e.g., Balbinot & Gieles 2018) . A prominent exception to these statements is the Palomar 5 (Pal 5) globular cluster and stream.
The Pal 5 stream-at a heliocentric distance of d ∼ 20 kpc-was discovered using early SDSS imaging, which reached well below the main sequence turnoff of the stream over a large area surrounding the cluster (Odenkirchen et al. 2001; Rockosi et al. 2002) . Since then, radial velocities have been measured for a handful of giant branch stars in the cluster and along the stream (Odenkirchen et al. , 2009 Ibata et al. 2017) , and deeper imaging data has been used to map the tails at higher signal-to-noise (Bernard et al. 2016; Ibata et al. 2016; Bonaca et al. 2019) . The detailed but still limited kinematic data for Pal 5 has made it a canonical example of tidal destruction and a useful tool for constraining Galactic structure. For example, using the sky track and radial velocity information, the stream has been used to measure the enclosed mass of the Milky Way (Küpper et al. 2015; Bovy et al. 2016) . Using deep photometry, the density variations along the stream have been used to place limits on the abundance of massive substructures in the Galactic halo (Erkal et al. 2017) .
However, a number of peculiar aspects of the stream still remain unexplained in detail. For example, the leading and trailing tails have significantly different total star counts and lengths (both different by a factor of ∼2 between leading and trailing; Dehnen et al. 2004; Bernard et al. 2016) , and the stream track, width, and density vary significantly over the full extent of the stream (Ibata et al. 2016; Bonaca et al. 2019) . Given that Pal 5's pericenter is well within the Galactic disk (r peri ∼ 7-8 kpc), these features could be a sign of perturbations from molecular clouds (e.g., Amorisco et al. 2016) , interaction with the Galactic bar (e.g., Pearson et al. 2017) , signatures of past dark matter subhalo encounters (e.g., Erkal et al. 2017) , or some combination of all of these effects. Mapping the stream in all six phase-space dimensions-i.e., combining deep photometry with radial velocity, distance, and proper motion measurements-will enable and motivate improved dynamical models of the stream and more pre-cise constraints on the Galactic mass distribution (e.g., Price-Whelan & Johnston 2013) . However, with Gaia DR2, at its present distance, main sequence stars are barely detected and have large astrometric uncertainties. Other stellar tracers (e.g., giant branch stars) are not numerous enough or precise enough distance indicators to provide useful relative distance information along the stream.
RR Lyrae stars (RRLs) are pulsating horizontal branch giants intrinsically more luminous than main sequence turn-off stars. Although about ∼ 10, 000 time less numerous than main sequence stars, RRLs are extremely useful probes of the Galactic halo as they are well-established as standard candles; they can be observed to large distances (Medina et al. 2018; Sesar et al. 2017b) ; and are reliably identified based on their photometric variability, with little to no contamination from other types of variable stars (e.g., Holl et al. 2018a; Drake et al. 2017; Mateu et al. 2012) . Their distances can be estimated based on photometric data alone, with errors ∼ 8% in the optical, and can be as low as 3% in the infrared (Neeley et al. 2017 ). These properties have made RRLs a key tracer of structure and substructure across the Galaxy, having been used to trace the density profile of the halo, thick disk and bulge (e.g., Iorio et al. 2018; Mateu & Vivas 2018; Kunder et al. 2008, and reference therein) , to identify new streams and accretion events (Duffau et al. 2006; Sesar et al. 2010; Iorio & Belokurov 2019, e.g.) and even to argue against the extragalactic origin of overdensities in the disk (Mateu et al. 2009; Price-Whelan et al. 2015) .
Previous studies have found RRLs in Pal5's tails: the first two were found by Vivas et al. (2001) in the QUEST survey, and more recently (Ibata et al. 2017) found about ten new RRLs using a catalog of PS1 candidate RRLs from Hernitschek et al. (2016) . At its current distance, Pal 5's horizontal branch is bright enough (G ∼ 17.3) to be observed by Gaia. Therefore, combining Gaia DR2 proper motions with the newer PS1 RRL catalog from Sesar et al. (2017a) -with improved classification probabilities and light curve periods-enables us to make the first precise distance and proper motion measurements along the full extent of the Pal 5 stream. Both will prove to be key ingredients for dynamical modelling of the Pal 5 stream.
In this Article, we construct a probabilistic model for kinematic properties of RRLs in the vicinity of the Pal 5 stream to determine membership probabilities and thus map the distance and proper motion trends in the stream. In Section 2, we describe the source RRL catalog we use to search for Pal 5 members. In Section 3, we implement a probabilistic membership model to identify candidate The distance selection here is purely illustrative: We do not use a distance cut in our membership model. Middle: The same, but for RRLs within 1 • of the mean sky track of Pal 5 (Bonaca et al. 2019) . The open circle markers indicate RRLs that lie within the Jacobi radius of the cluster (see Section 4) that pass this simple selection. The over-density of stars near (−2.7, −2.7) is the cluster and stream, and the two colored points show the Pal 5 cluster proper motions from Vasiliev (2019) and Fritz & Kallivayalil (2015) , respectively. Right: The same, but for RRLs excluding 2 • around the Pal 5 sky track. members of the stream using distance and astrometric information. In Section 4, we discuss the population and kinematics of the RRL members found and use these to provide an estimate of the system's stellar mass and luminosity. We present our conclusions in Section 5.
DATA
The PanSTARRS-1 (PS1) catalog of RRLs (Sesar et al. 2017a ) contains 229K stars spanning ∼3/4 of the sky (all sky north of declination δ > −30 • ), with multi-epoch grizy data up to a limiting magnitude r ∼ 21 (corresponding to G ∼ 21 for the typical colors of RRLs). These stars were identified as RRLs using machine-learning methods based on a template fitting algorithm that can find pulsation periods overcoming the sparse sampling of the PS1 survey (∼ 12 epochs per filter).
Two all-sky RRL catalogs have also been released as part of Gaia DR2 (VariClassifier and Specific Object Studies Holl et al. 2018b; Rimoldini et al. 2018; Clementini et al. 2018) . At present, however, these catalogs are subject to more significant and spatially-varying incompleteness in this particular area of the sky due to the Gaia scanning law (see Rimoldini et al. 2018 , though many of these issues will improve with future Gaia data releases).
Out of the 229K RRLs in the PS1 catalog, ∼ 60K are also reported as RRLs by Gaia DR2, the vast majority of which (49K) are part of the subset defined by Sesar et al. (2017a) as bona fide. This subset is comprised of 61K RRLs above classification score thresholds set by Sesar et al. (2017a) to ensure its high purity (> 90%) and completeness (> 80%). An extra ∼ 6K stars with lower classification scores in PS1 were also found to be RRLs by Gaia DR2 and have reported pulsation periods in the SOS catalog. Most of these RRLs have matching classifications and consistent periods in the two surveys, which increases our confidence that these are true RRLs.
For our present work, therefore, we use the superset of 68 254 stars consisting of the 61 795 bona fide PS1 RRLs, plus the 6 459 non-bona fide PS1 stars also reported in the SOS Gaia DR2 catalog. Out of these, 68 085 RRLs (99.8%) have astrometric information available in Gaia DR2 and all-by construction-have photometric data and pulsation periods from PS1. Sesar et al. (2017a) provide distances to the RRLs based on an i-band Period-Luminosity-Metallicity (PLZ) relation. This has two key advantages when compared to optical bands: The PLZ relation in the i-band only weakly depends on metallicity, and the impact of dust extinction is less severe at longer wavelengths. However, distances reported for the RRc stars in Table 5 of Sesar et al. (2017a) have a systematic offset with respect to the ab stars. This offset comes from having applied the same PLZ to ab and c stars. This is corrected by using the 'fundamentalized' period in the PLZ relation for the RRc stars, which is computed as log P F = log P + 0.126 (following Braga et al. 2016) . In what follows, we use the i-band PLZ distances for the RRLs. Sesar et al. (2017a) estimate their overall distance precision to be 3%, of which ∼ 2% and ∼ 1% correspond to systematic and random uncertainties, respectively.
We cross-match the full PS1 RRL catalog with Gaia DR2 (Gaia Collaboration et al. 2018), using a 1" sky separation tolerance, in order to retrieve astrometric information for these stars. Although not all PS1 RRLs have been identified as RRLs from Gaia photometry, all of the PS1 RRLs are present in the main point source catalog. Figure 1 demonstrates that Pal 5 cluster and stream members appear in the RRL catalog: This figure shows the Gaia DR2 proper motions for all RRLs in the selected sky window (indicated in the caption) within the distance range 18 < d < 25 kpc, then the same for RRLs in a tight selection around the observed stream track (see Section 3 for details), and then finally the same for RRLs excluding the stream region. Sesar et al. (2017a) provide an estimate of their catalog's completeness as a function of distance, at high galactic latitude, based on simulations. They estimate the mean completeness to be 92% for RRab and 79% for RRc, up to a distance of 40 kpc, well beyond the distance of Pal 5 and its tails. At the average ratio of 3 RRc stars per every 10 RRab (Layden 1995) , this represents a mean completeness of 89%. We can also produce an estimate per line of sight using the methodology described in Rybizki & Drimmel (2018) , which requires two independent catalogs to assess the completeness of both in a probabilistic manner. Comparing PS1 against the Gaia DR2 catalogue, comprised of the outer join of the VariClassifier (Holl et al. 2018b; Rimoldini et al. 2018) and Specific Objects Study catalogs, we find a median completeness of 92% with a standard deviation of 16% with no evident spatial trend across the sky selection window.
DETERMINING STREAM MEMBERSHIP
In order to search for new RRL stars in the Pal 5 stellar stream, we construct a probabilistic model of the stream and background stellar distribution (simultaneously) using proper motion (µ 1 , µ 2 ) = (µ φ1 cos φ 2 , µ φ2 ) and distance d data for all RRLs in the sky window
are right ascension and declination and φ 1 , φ 2 are a rotated spherical coordinate system aligned with the stream (Bonaca et al. 2019 ). We do not include the known spatial extent or morphology of the Pal 5 stream in our membership model for the stream: We instead later use the sky positions to validate the modeling procedure and selection criteria we then use to define a sample of probable Pal 5 stream RRLs. This model ultimately enables us to compute stream membership probabilities for RRL stars in a way that fully incorporates Gaia error properties, while simultaneously modeling and marginalizing over uncertainties in the background RRL distribution.
To start, we use the sky track and width of Pal 5 from Bonaca et al. (2019) to mask out a wide region around the stream-and an extrapolation of the known extent of the stream-in order to define a "background" region that should be devoid of Pal 5 member stars (see purple lines in Figure 3 ). We use 1,301 RRL stars in the background region (the full rectangular sky window excluding the stream track) to construct an error-deconvolved density model in the 3D space of proper motion components and distance. We use proper motions and uncertainties from Gaia-using the provided covariance matrix between proper motion components-and distances and uncertainties from the PS1 RRL catalog (Section 2). We optimize the parameters of a Gaussian Mixture Model (GMM) representation of the (deconvolved) background RRL density using extreme deconvolution (XD; Bovy et al. 2011) . We first fit the background model (with XD) using between 3-12 mixture components and evaluate the Bayesian Information Criterion (BIC) for the optimal parameters in each case. From this, we find that the BIC is minimized for 6 mixture components: We therefore use 6 mixture components and fix the GMM model parameters to the XD-optimized values and use this as our background model. We evaluate the background likelihood of all stars in the full sky region (defined above) and refer to this as p bg,n (for the nth star) below.
To represent the Pal 5 stream, we use a single Gaussian component with a fixed dispersion of 0.05 mas yr −1 for the proper motion components and 0.2 kpc in distance. We have tried including the dispersions as additional parameters in our model but find that they are unconstrained; We therefore fix these values as mentioned to be smaller than the typical uncertainties. We allow the mean of the Gaussian component to vary independently in each component as a function of φ 1 . Based on the Pal 5 stream models from Bonaca et al. (2019) , over the range of φ 1 ∈ (−20 • , 15 • ), the mean stream trends in µ 1 , µ 2 , and distance d can be well-approximated (within our observational uncertainties) by a quadratic function in φ 1 . The mean of our stream component, x, is therefore given by
are free parameters.
Given the above background model, and this model for the stream track, the full likelihood for an RRL star, n, with data D n = (µ 1 , µ 2 , d) n is represented as a mixture of the two components with mixture weight f ,
where N (· | x, C) is the multivariate normal distribution with mean x and covariance matrix C. We use Markov Chain Monte Carlo (MCMC) to generate samples over the parameters (θ, f ) using the posterior probability
where p(θ, f ) is the prior probability distribution over the parameters. We assume that our prior is separable in all of our parameters. We adopt a uniform prior for the mixture weight, f , such that p(f ) = U(0, 1). We use Gaussian priors on the mean proper motion and distance using the Pal 5 cluster proper motion measurements from Vasiliev (2019), µ = (−2.728, −2.687) ± (0.0220.025) mas yr −1 with a correlation coefficient ρ µ = −0.39, and the Pal 5 distance from Küpper et al. (2015) , d = 23.6 ± 0.8 kpc.
However, we inflate the distance errorbar by a factor of 5 and the proper motion errorbars by a factor of 10 to soften the impact of this prior on our analysis. We use broad uniform priors (i.e. −100 < b, c < 100 for each coefficient, and −20 • < x < 15 • for each polynomial centroid) for the trend parameters defined in Equation 1. We use the affine-invariant ensemble MCMC sampler emcee (Foreman-Mackey et al. 2013) to sample from the posterior probability distribution given above. We run emcee with 104 walkers for an initial 1024 steps to "burn-in" the sampler, then reset and restart the sampler for another 131072 steps. We estimate the maximum (over parameters) autocorrelation length using emcee, τ max ≈ 2200, and thin the chains by keeping only every 2200th step, leaving us with 6196 posterior samples in our membership model parameters, θ. For each star, we use these samples to compute posterior membership probabilities following Foreman-Mackey (2014). Figure 2 shows a summary of the inferred membership model properties in sky position (shown in Pal 5 coordinates φ 1 , φ 2 ), distance, d, and proper motion components. Table 2 shows an abbreviated version of our catalog of RRL in the region around Pal 5, with PS1 and Gaia data and membership probabilities appended. Table 1 contains the maximum a posteriori trend parameter values from the above analysis.
RESULTS AND DISCUSSION

RRLs associated with Pal 5 and its tails
We find a total of 27 RRLs with membership probability > 0.5 that lie within the stream track (again using the track from Bonaca et al. 2019 , see lines in Figure 3 ). Of those, 15 are classified as type ab and 12 are classified as type c RRLs. We find a total of 10 RRLs within the estimated Jacobi radius of the cluster (≈ 11 ), meaning that 17 RRLs are spread between the leading and trailing tails. Figure 3 shows the sky positions of all RRLs with membership probability > 0.1 over-plotted on the density of filtered main sequence stars from Bonaca et al. (2019) : The RRLs trace the stream track defined by the main sequence stars, but interestingly the density of RRLs does not seem to match the density variations in the under-plotted density map. In particular, the bulk of the stream RRLs seem to be spread farther out (in angle) from the cluster relative to the main sequence stars, a possible manifestation of the internal dynamics of the initial cluster (e.g., mass segregation Koch et al. 2004) .
We note also that there are a few RRLs outside of the main stream track that appear to be at a consistent distance with consistent proper motions (e.g., the two stars near α = 230 • , δ = 0 • in Figure 3 ) that are not included in the tally above. No theoretical models of Pal 5 have predicted tidal debris at such locations, so follow-up spectroscopy to confirm or rule out their origin would be very informative.
Distance and kinematics of the cluster and stream
We find a mean Pal 5 cluster distance of 20.6±0.2 kpc using the PS1 RRLs and the membership model described in Section 3. While past distance measurements to Pal 5 are often reported ranging from ∼ 22.4 kpc to > 23 kpc (e.g., Odenkirchen et al. 2009; Erkal et al. 2017 , using measurements from Harris 1996 Dotter et al. 2011) , these values are computed from distance moduli that have not been corrected for dust extinction (Harris 1996 , and see footnote 5 in Fritz & Kallivayalil 2015) . Using the recalibrated Schlegel et al. (1998) dustmap from Schlafly & Finkbeiner (2011) , and assuming R V = 3.1, we find in the region around Pal 5, A V = 0.17 mag. Re-deriving distances based on published distance moduli, we find d Pal5 = 21 kpc (Harris 1996) and d Pal5 = 20.7 kpc (Dotter et al. 2011) . Assuming a modest distance uncertainty of ≈ 5% for these isochronal distances, our measurement is consistent with these past measurements.
Using a small number of RRLs then thought to be associated with Pal 5, Muraveva et al. (2018) , we find that this past RRLbased distance to Pal 5 is instead d Pal5 = 21.2 ± 0.6 kpc. To summarize: Our inferred distance to the Pal 5 cluster, d Pal5 = 20.6 ± 0.2 kpc, is consistent with (but more precise than) all recent distance measurements, once corrected for dust extinction and updated calibrations of the horizontal branch absolute magnitude.
We find a proper motion (µ φ1 cos φ 2 , µ φ2 ) = (3.78, 0.71) ± (0.02, 0.03) mas yr −1 or (µ α cos δ, µ δ ) = (−2.75, −2.69) mas yr −1 , consistent with the measurement in Vasiliev (2019) within our uncertainties. The larger (absolute) proper motion (relative to Fritz & Kallivayalil 2015 and other earlier measurements) and the updated distance means that the tangential velocity of Pal 5 is ≈ 16 km s −1 larger than most previous models have assumed. This is a noteworthy update to consider for future stream modeling efforts and will likely change the inferred Milky Way parameters as compared to past models (e.g., Küpper et al. 2015; Bovy et al. 2016) .
We also detect a distance trend from the closer leading tail (d ≈ 19.4 kpc and ≈18 kpc at φ 1 ≈ 5 • and 10 • , respectively) to the more distant trailing tail (d ≈ 21.3 kpc and ≈21.9 kpc at φ 1 ≈ −5 • and −10 • , respectively). While the proper motion in right ascension appears consistent with constant or only a mild gradient over the extent of the stream, we see a significant gradient in the declination component, with a difference of about ≈ 1 mas yr −1 from trailing to leading tail.
Properties of the RRL population
Assuming a Jacobi radius of 11 -computed assuming M Pal5 ≈ 1.2×10 4 M (Küpper et al. 2015) and using the Milky Way mass model in Price-Whelan (2017)-we find 10 RRLs in the cluster itself (2 type ab and 8 type c) and 17 in the cluster's tails (13 type ab and 4 type c), all with membership probabilities larger than 0.5. In total, we find the number ratio of RRL types to be N ab /N c ≈ 1.25, a typical ratio found in Oosterhoff I populations (Smith 1995) , comprised mainly of stars still in the zero-age horizontal branch. Figure 4 shows the period-amplitude diagram for the RRL stars in Pal 5. The full sample of PS1 RRLs is shown in the background for comparison, as a grayscale density histogram. The distribution of the ab RRLs clearly indicate that Pal 5 is an Oosterhoff I cluster, consistent with having a mean period of 0.54 d. Our findings of the updated ratio of RRab to RRc, mean period, and Period-Amplitude distribution of the RRab RRLs all support an Oosterhoff I classification for Pal 5, consistent with the cluster's metallicity, [Fe/H] = −1.4 (Dotter et al. 2011) . Out of our newly found RRab RRLs, three are High Amplitude Short Period (HASP, P < 0.48 d, A g > 0.75 mag) stars, again consistent with Pal 5's metallicity, as this type of RRL is only found in relatively metal-rich globular clusters ([Fe/H] > −1.5; Monelli et al. 2017) .
Interestingly, there seems to be a strong segregation of the RRL types: all but two of the 15 RRab are found in the cluster tails and two thirds of the 12 RRc are found in the cluster itself. This could be a stochastic effect given the relatively small number of stars, but it seems unlikely given the observed ratios of ab-to-c stars in globular clusters: At the very least, RRab stars should account for about half the number of RRc's (only 5 out of >150 globulars have more than twice as many type c than type ab RRLs, see Clement 2017; Clement et al. 2001; Catelan 2009) . Given the remarkably high completeness of our catalogue, any additional RRL stars would have been detected. Another possibility is that this segregation has a dynamical origin: At fixed metallicity and helium abundance, position along the horizontal branch is determined by (present-day) mass, with less massive stars ending up at higher temperatures as type c stars. However, if the RRL type segregation had a dynamical origin, the relevant mass should be the one the stars had prior to being ejected from the cluster. In either case, any of these possible mass differences (either at the main-sequence or the zero-age horizontal branch) are expected to be very small ( 0.1 M ) and so unlikely to have a significantly different dynamical history-this remains an intriguing puzzle. 
Stellar Mass and Luminosity
To estimate the expected total absolute magnitude of Pal 5 we follow the same procedure as in , who use a linear fit of the relation between the absolute magnitude M V and the number of ab RRL, based on data from Galactic dwarf galaxies and globular clusters, here including the RRc stars. The log N RR −M V relation has a large scatter so, particularly for such low numbers of RRLs, it will only allow us to give rough limits on the cluster's absolute magnitude and, therefore, of its luminosity. Correcting the observed number of 27 RRLs by the median completeness of 92%, we get a total expected number of 29 RRLs, for which we find a total luminosity L V = 4.6 +8.8 −3.0 ×10 4 L . We then estimate a stellar mass of 0.9 +1.8 −0.6 × 10 5 M , by assuming a V-band mass-to-light ratio M/L ≈ 2 (Baumgardt et al. 2019) corresponding to a simple stellar population with the age (12 Gyr) and metallicity ([Fe/H] = −1.4) of the cluster (Dotter et al. 2011) , computed from the Bruzual & Charlot (2003) models. 1 Our mass estimate is larger than that of Ibata et al. (2017) , who report a current mass of 1.2 ± 0.4 × 10 4 M for the cluster and tails, although their estimate for the initial mass (4.7 ± 1.5 × 10 4 M ) of the system is at the lower end of our confidence limits.
Previously known Pal 5 RRLs
The Pal 5 cluster has 5 previously known RRL stars (named V1-V5), all of type which are type-c, as reported in the Clement et al. (2001) compilation of variable stars in Galactic globular clusters and dating back to Kinman & Rosino (1962) . In their analysis of the halo density profile with QUEST RRLs, report an overdensity ("Group 6") that they claim could be associated with Pal 5's tidal tails. Two of these stars (IDs 403 and 405) are separated by just ∼ 10 and 11 from the cluster's center, which places them within the cluster's Jacobi radius; and an additional star (star 393) outside of the Jacobi radius, but at a similar distance, that could be associated with the stream . We confirm the three stars are highly probable members. Wu et al. (2005) reports another RRL star (133) as possibly associated, which we also find is a highly probable member. In summary, nine of the RRL stars in our sample were identified previously as candidate members of the Pal 5 cluster or stream (see the "Other ID" column in Table 2 ). More recently, Ibata et al. (2017) use a prior iteration of the PS1 RRL catalog (Hernitschek et al. 2016) , which contained plausible RRLs, to identify 6 and 12 candidate members of the Pal 5 cluster and tails, respectively, based on sky position and distance alone. However, without a published catalog, we cannot compare our sample to theirs.
CONCLUSIONS
Using a catalog of RRLs identified using multi-epoch, multi-band photometry from the Pan-STARRS PS1 survey and cross-matched to Gaia DR2, we construct a probabilistic model to determine membership with the Pal 5 cluster and stream. We find 27 RRLs with membership probability > 0.5 (15 type ab and 12 type c) over ≈ 18 • of the stream. From these stars, we infer the distance to the cluster 20.6 ± 0.2 kpc and detect a distance gradient of ∼ 0.2 kpc deg −1 between the trailing and leading tail (between −5 • < φ 1 < 5 • ). We also, for the first time, detect trends in proper motion along the stream, predicted by models of the stream (e.g., Pearson et al. 2017) . We release the full RRL catalog in the region around Pal 5 (containing distance information from PS1 and astrometry from Gaia) with our derived membership probabilities. We note that past models of the Pal 5 stream have typically used larger cluster distances and slower proper motion values, meaning that any past model streams will be offset from the measurements and analysis presented here (e.g., Küpper et al. 2015; Erkal et al. 2017; Pearson et al. 2017) . These data will be instrumental for improving and updating dynamical models of Pal 5, both for using Pal 5 to constrain the global matter distribution of the Milky Way and in interpreting the observed complex density structure of the stream.
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